01/20/2004 17:31 FAX 



Applicant : Donald V. Smart ^ 

Serial No. : 10/036,431 

Filed : January 7, 2002 

Page : 2 of 13 



121005 



Attoniey 



tey's Docket No.: 06457-007003 



Amendments to the Claims: 



This listing of claims replaces all prior versions and listings of claims in the application: 
Listing of Claims - 

1-56. (canceled) 

57. (previously presented): A laser-based method of vaporizing and removing a target 
link structure on a semiconductor wafer comprising the steps of: 

providing a target link structure supported on a silicon substrate, the substrate being part 
of a semiconductor memory device; 

producing a laser beam having a pulse width less than about 8 nanoseconds, an operating 
repetition rate of 10 kilohertz or higher, and a wavelength less than 1 .2microns; 

generating computer-controlled timing signals synchronized with position of the laser 
beam relative to the target link structure; 

controllably switching an optical switch based on the timing signals so as to transmit an 
output pulse of the laser beam to the target link structure on demand, the output pulse rate being 
controlled by controlling the optical switch; 

focusing the output pulse onto the target link structure into a spot diameter, 

whereby the spot size and depth of focus is improved relative to a longer wavelength 
greater than 1.2microns, and the output pulse width limits damage to the substrate. 

58. (previously presented): The method of claim 57 further comprising the step of 
mounting the device on a movable stage. 



59. (previously presented): The method of claim 58 wherein the movable stage is a step 
and repeat stage. 
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60. (previously presented): The method of claim 57 wherein the target link slructure 
comprises metal. 



61. (previously presented): ^ mabod of c]aim „ wherejn a maxjmum 

rrrc 000 ^ ** per sec °° d is ^ a m ° 



62. (currently amended): The method of claim 57 wherein the step of generating 
comptoer-contrelled timing aigna* indndes ouxehmng me timing signais with the position of 
the taser beam and the target ft* structure during relative motion between me laser beam and the 
target link structure. 



63. (previously presented): The method of claim 62 further comprising positioning the 
beam w,th a galvanometer, and Synchronizing the timing signals with the galvanometer 
positions. 



64. (previouslypresented): The method of claim 57 whereto the optical switch la 
dtsposed to an opdcrd path and la positioned beyond me laser cavity and external to dm laser 
cavity; 



65. (previouslypresented): The method of claim 57 wherein the output pulse width is less 
than 5 nanoseconds. 

66. (previously presented,: fc meliod at clajm „ ^ ^ 

enmpnses providtag accuracy of better man .3 micrens between me laaer beam and toe targe, 
link structure. 
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67. (previously presented): The method of claim 57 wherein the step of comrollably 
switching the optical switch further comprises controlling an acousto-optic modulator to prevent 
an output beam from reaching a target link structure except when desired, and controlling i 
acousto-optic optic modulator to set the output power to a desired level. 



an 



68. (previously presented):A laser-based method of vaporizing and removing a target link 
structure on a semiconductor wafer comprising the steps of: 

providing a target link structure supported on a silicon substrate, the substrate being part 
of a semiconductor memory device 

producing a laser beam having a pulse width less than about 8 nanoseconds, an operating 
repetition rate of 5 kHz or higher, at a first laser wavelength; 

generating computer-controlled timing signals synchronized with position of the laser 
beam relative to the target link structure; 

shifting the first laser wavelength to a second laser wavelength, the second wavelength"" 
being less than 1.2microns; 

controllably switching an optical switch based on the timing signals so as to transmit an 
output pulse of the laser beam to the target link structure on demand, the output puke rate and 
pulse spacing being controlled by the controlling the optical switch; 

focusing the laser output pulse onto the target link structure into a spot diameter, the 
output pulse having a wavelength less than 1.2microns and a pulse width less than abour 8 
nanoseconds; 

whereby the spot size and depth of focus is improved relative to a longer wavelength 
greater than 1.2microns, and the output pulse width limits damage to the substrate. 

69. (previously presented): The method of claim 68 further comprising the step of 
mounting the device on a movable stage. 
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70. (previously presented): The method of claim 69 wherein the movable stage is a step 
and repeat stage. 



71 . (previously presented): The method of claim 68 wherein the target link 
comprises metal. 



slructure 



72. (previously pr e S e„ ted): tte mahod of olalm 6g % ^ ^ 

exceeding .0,000 terge, Uat aracterea per seeend i s aehievabte with a ration race of greater 



than 10 KHz 



73. (currently amended): The method of claim 68 wherein the step of generating 
computer-controlled timing signals includes correlating the timing signals with the position of 
the laser beam and the target link structure during relative motion between the laser beam and the 
target link structure^. 



74. (previously presented): The method of claim 68 wherein the optical switch is 
disposed in an optical path between a wafer and a laser, and is positioned beyond the laser cavity 
and external to the laser cavity. J 



75. (previously presented): The method of claim 68 wherein one of the 



wavelengths is beyond the absorption 



first and second 



edge of the silicon substrate and one of the first and second 



wavelengths is not beyond the absorption edge of the substrate 

76. (previously presented): The method of claim 75 wherein the wavelength less than the 
absorption edge is less than about 1.12 microns. 

77. (previously presented): The method of claim 76 wherein the wavelength less than the 
absorption edge is about 1.047 micronk. 
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78. (previously presented): The 
absorption edge is about 1.064 microtis. 



method of claim 76 wherein the wavelength less than the 



79. (previously presented): Tile method of claim 71 wherein both the first and second 
wavelengths are less than 1.2 microns. 



80. (previously presented): ije method of claim 71 further comprising positioning the 
beam wxth a galvanometer, and synchronizing the timing signals with the galvanometer 
positions;. I 



8 1 . (previously presented): Tl 
than 5 nanoseconds. 



e method of claim 71 wherein the output pulse width is less 



82. (previously presented): Themethod of claim 71 wherein the correlating step iurther 
compnses providing accuracy of better than .3 microns between the laser beam, ~ 
link structure. 



and (he target 



84. (previously presented): A 
on a silicon substrate, comprising the 

providing a controlled, switched 
laser assembly and a controllable switfch 
laser assembly; 



83. (prev.ously presented): TiL method of claim 71 wherein the step of controllably 
switching the optical switch mrther comprises contro.ling an acousto-optic modulator to prevent 
an output beam from reaching a target link structure except when desired, and controlling an 
acousto-optic optic modulator to set tije output power to a desired level. 



method of vaporizing and removing a target link structure 
steps of: 

laser system comprising a diode-pumped, solid-state 
for controlling the on/off state and power level of the 
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producing a laser beam output having an output pulse width less than about 8 
nanoseconds at an operating repetition rate of about 5 kilohertz or higher, and a wavelength 
shorter than 1 .2 microns; and 

directing the laser beam output at the target link structure on the silicon subs (rate to 
vaporize and remove the target link structure; 

whereby heating of the silicon 1 substrate and hence damage to the silicon substrate is 
lumted due to the output pulse width being less than about 8 nanoseconds. 



85. (previously presented): A 



laser system for vaporizing and removing a target link 



structure on a semiconductor wafer, cbmprising: 

a laser assembly configured J produce a laser beam having a pulse width less than about 
nanoseconds, an operating repetitio^ rate of 1 0 kilohertz or higher, and a wavelength of less 
than 1,2 microns; 

a computer programmed to co itrol timing signals synchronized with position of the laser 
beam relative to atarget link structure] supported on a silicon substrate, the substrate being part of 
a semiconductor memory device; and 

an optical switch that is contr Jllably switchable based on the timing signals so as to 
transmit an output pulse of me laser beam to me target link struct 

rate bemg controllable by controlling the optical switch, the laser assembly being configured to 
focus the output pulse onto the target ink structure into a spot diameter; 

whereby the spot size and depJh of focus is improved relative to'a longer wavelength 
greaterthan L2microns, and the output pulse width limits damage to the substrate. 



86. (previously presented): A Ler system for vaporizing and removing a target link 
structure on a semiconductor wafer, comprising: 

a laser assembly configured to produce a laser beam having a pulse width less than about 
8 nanoseconds, an operating repetition! ^ of 1 0 kilohertz or higher, and a first wavelength, and 
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! 

configured to shift the first laser wavelength to a second laser wavelength, the second 
wavelength being less than 1 .2microns; 

a computer programmed to control timing signals synchronized with position of the laser 
beam relative to a target link structure supported on a silicon substrate, the substrate being part of 
a semiconductor memory device; and 

an optical switch that is controllably switchable based on the timing signals so as to 
transmit an output pulse of the laser b 1 earn to the target link structure on demand, the output pulse 
rate bemg controllable by controlling the optical switch, the laser assembly being configured to 
focus the output pulse onto the target link structure into a spot diameter, 

whereby the spot size and depth of focus is improved relative to a longer wavelength 
greater than 1 .2microns, and the output pulse width limits damage to the substrate. 

87. (previously presented): A Ltrolled, switched laser system for vaporizing and 
removmg a target link structure on a iilicon substrate, comprising: 
a diode-pumped, solid-state later assembly, 

a controllable switch for controlling the on/offstate and power level of the laser 
assembly; and j 

a computer programmed to control the laser assembly to cause the laser assembly to 
produce a laser beam output having an output pulse width less than about 8 nanoseconds at an 
operating repetition rate of 5 kilohertz or higher, and a wavelength shorter than 1.2 microns the 
computer being programmed to cause the laser beam output to be directed at the target link 
structure on the silicon substrate to vaporize and remove the target link structure; 

whereby heating of the silicon substrate and hence damage to the silicon substrate is 
limited due to the output pulse width j>eing less than about 8 nanoseconds. 

i 
I 

88. (new): A laser-based methtd of vaporizing and removing a target link structure on a 
semiconductor wafer comprising the steps of: 
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providing a target link struct** e supported on a silicon substrate, the substrain beingpart 
of a semiconductor memory device; 

producing a laser beam having a pulse width less than about 10 nanoseconds an 
operaung repetition rate of 5 kilohertz or higher, and a wavelength less than 1 .2mierons- 

generating computer-controlled timing signals synchronized with position of the laser 
beam relative to the target link struct ire; 

controllably switching an optical switch based on the timing signals so as to transmit an 
output pulse of the laser beam to the target link structure on demand, the output pulse rate being 
controlled by controlling the optical iwitch; 

focusing the output pulse ontJ the target link structure into a spot diameter 
whereby the spot size and depth of focus is improved relative to a longer wavelength 
greater than 1.2microns, and the output pulse width limits damage to the substrate] 



89. (new): The laser system i 
than precisely 1 0 nanoseconds. 



of claim 88 wherein the laser beam has a pulse width less 



90. (new): The laser system of claim 
repetition rate of 10 kilohertz or highi 



88 wherein the laser beam has an operating 



er. 



91. (new): A laser system for iaporizing and removing a target link struchie on a 
semiconductor wafer, comprising: 

a laser assembly configured to produce a laser beam having a pulse width L than about 
10 nanoseconds, an operating repetition rate of 5 kilohertz or higher, and a first waUngth, and 
configured to shift the first laser wavelength to a second laser wavelength, the second 
wavelength being less than 1 .2microns; ' 

a computer programmed to control timing signals synchronized with position of the laser 
beam relative to a target link structure 
a semiconductor memory device; and 



_ ^vroiuyji IUC LHUCI 

supported on a silicon substrate, the substrate being part of 
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an optical switch that is co: 
transmit an output pulse of the laser 
rate being controllable by controllin; 
focus the output pulse onto the target 

whereby the spot size and 
greater than 1.2microns, and the 



tntiollably t 



depth 



switchable based on the timing signals so as to 
3 eam to the target link structure on demand, the output pul: 
the optical switch, the laser assembly being Lonfigured to 
link structure into a spot diameter; 
of focus is improved relative to a longer Wavelength 
outrJut pulse width limits damage to the substrate:. 



se 



92. (new): The method of clajm 91 wherein the laser beam has a pulse < 
precisely 1 0 nanoseconds. ! 



wi4tb less than 



93. (new): The method of clai[n 91 wherein the laser beam has an o 
rate of 1 0 kilohertz or higher. 



operating repetition 



94. (new): A method of vaporizing and removing a target link structure on ja silicon 
substrate, comprising the steps of: 

5d .diode-pumped, q-switched, solid-state laser assembly; 
having an output pulse width less than about 10 
nanoseconds at an operating repetition rate of about 5 kilohertz or higher, and a wavelength 
shorter than 1 .2 microns; and 



providing a computer controll 
producing a laser beam output 



focusing the output pulse onto 



the target link structure into a spot diameter' 

l 

dpi less than 



95. (new): The method of claim 94 wherein the laser beam has a pulse widfc less 
precisely 10 nanoseconds. 



96. (new): The method of claim 94 wherein the laser beam has an operating repetition 
rate of 1 0 kilohertz or higher. 



97. (new): The method of claim 94 wherein the laser wavelength is about 1)047 



microns. 
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98. (new): The method of claim 94 wherein the laser wavelength is about { .064 



microns. 



one micron in 



99. (new):The method of claim 94 wherein the link is a thin link less than , 
wuith , and whereby the spot size and depth of focus is hn pr oved relative to a longer wavelength 
greater than 1 .2 microns, and the output pulse width limits damage to the silicon substrate. 

i 

i 

100. (new): The method of claim 99 wherein the link is a polysilicon link.| 

i 

101 . (new): The method of dW 99 wherein the link is a metal link. 

^^Theme^^ 
anoptacal switch positioned beyond L laser cavity and external to the laser cavity and wherein 
the method further comprises control ably switching the optical switch based on computer 
controlled timing signals so as to transmit an output pulse of the laser beam to the target link 
structure on demand, the output pulse rate and pulse spacing being contro.led by the controlling 
the optical switch. 1 6 



103. (new):The method of claim 94 wherein the output pulse width i 
nanoseconds. 



104. (new):The method 
nanoseconds. 



of claim 



is less than about 5 



94 wherein the output pulse width is less than about 8 



vaporizing and removing a target link structure 



105. (new): A laser system fox 
silicon substrate, comprising: 

a diode-pumped, q-switched, sjolid-state laser assembly; 



on a 
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a computer programmed to control the laser assembly to cause the laser assembly to 
produce a laser beam output having an output pulse width less than about 10 nanoseconds at an 
operating repetition rate of about 5 Idlohertz or higher, and a wavelength shorter than 1 2 
microns; 

the laser assembly being configured to focus the output pulse onto the target link' 
structure into a spot diameter. ■ 



106. (new): The system of claim 105 wherein the laser beam output has 
width less than precisely 1 0 nanoseconds. 



an 



output pulse 



107. (new): The system of claim 105 wherein the laser beam output has ^operating 
repetition rate of 1 0 Idlohertz or higher. | 



i 
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